INTRODUCTION
Human skeletal stem cells (also known as stromal or mesenchymal stem cells) (hMSCs) are adult multipotent stem cells that have the potential to differentiate into distinct mesodermal lineage cells, such as adipocytes, osteoblasts, chondrocytes, and myocytes [1] .
Lineage-specific differentiation of MSCs is determined by integrating microenvironmental cues with intracellular signaling pathways, transcriptional regulatory networks, and chromatin remodeling [2] . Nevertheless, it has been reported in several studies that epigenetic modulations could affect key transcriptional factors shaping gene expression and differentiation potentials of embryonic stem cells [3] . The modulation of chromatin structure through histone modifications includes acetylation, methylation and phosphorylation, and this modulation is referred to collectively as epigenetic regulation [4] .
Epigenetic modulation refers to modulation of heritable changes in gene expression via mechanisms other than alteration of the DNA sequence [5] . Histone acetylation is regulated by a balance of the enzymatic activity of histone acetyltransferase and histone deacetylase (HDAC) [6] . The two opposing enzymatic activities of histone acetylation and deacetylation are important for the activation of transcription [7] and regulation of gene expression in eukaryotes [8] . HDACs regulate cell differentiation and modulate tissue-specific gene expressions, as has been demonstrated in the development of neuron precursors in animal studies [9] and in clinical trials as antiproliferative and proapoptotic therapy against cancer [10, 11] .
Several studies investigated the importance of chemical compound inhibitors of HDACs for their possible therapeutic effects. Inhibitors of HDACs (HDACi) induce hyperacetylation of histones, followed by the activation of specific genes through relaxation of the DNA conformation. Some HDACi have been tested for their anticancer effects in different human malignancies [12, 13] . In addition, several studies investigated the effect of HDACi on stem cell differentiation. HDACi enhanced osteoblast differentiation of human dental pulp stem cells [14] and bone marrow MSCs [10] . Dudakovic et al. [15] reported that HDACi promoted late stages of osteoblast differentiation via increasing histone H4 acetylation and regulating insulin signaling pathway in murine MC3T3. Moreover, the observed promoting effects of HDACi on osteoblast differentiation have been attributed to their regulatory effects on runt-related-transcription factor 2, a key transcription factor in osteoblast commitment [16] [17] [18] . Few studies examined the changes in HDAC during adipocyte differentiation of extramedullary fat [19] [20] [21] . Little is known about the effects of HDAC and HDACi on bone marrow adipocyte differentiation and functions.
Herein we tested the effects of several chemical compounds with effects on epigenetic state regulators and identified novel compounds with significant effects on adipocyte and osteoblast differentiation of hMSCs. One of these, abexinostat, was chosen for follow-up studies. Using chromatin immunoprecipitation combined with high-throughput DNA sequencing (ChIP-seq) technology and ChIP quantitative polymerase chain reaction (qPCR), we identified several key genes involved in regulating MSC proliferation and differentiation as putative targets for abexinostat.
MATERIALS AND METHODS

Epigenetic Library
An epigenetic library, purchased from Selleckchem Inc. (Houston, TX, http://www.selleckchem.com), consisting of 24 active compounds (Table 1) , was tested in the current study. Initial screen was conducted using 20, 100, and 500 nM.
Cell Culture
We used a telomerized hMSC line (hMSC-TERT) as a model for bone marrow-derived MSCs. The hMSC-TERT line was created through overexpression of the human telomerase reverse transcriptase gene (hTERT) [22] . hMSC-TERT expresses all known markers of primary hMSCs [22] and exhibits "stemness" characteristics by being able to form bone and bone marrow microenvironment when implanted subcutaneously in vivo [22] . For the sake of brevity, we refer to these cells as hMSCs in the rest of this article.
Cells were cultured in basal culture medium of DMEM (supplemented with 4,500 mg/l D-glucose, 4 mM L-glutamine, and 110 mg/l 10% sodium pyruvate, 10% fetal bovine serum [FBS] , 1% penicillin-streptomycin, and 1% nonessential amino acids). All reagents were purchased from Thermo Fisher Scientific Life Sciences, Waltham, MA (http://www.thermofisher.com). Cells were incubated in 5% CO 2 incubators at 37°C and 95% humidity. MSC-TERT cells were cultured to reach 80%-90% confluence before addition of the compounds. The compounds were added at concentrations of 20, 100, or 500 nM for 24 hours. Afterward, the cells were exposed to adipogenic or osteoblastic induction. Control cells were treated with basal medium containing dimethyl sulfoxide (DMSO) as vehicle.
Adipogenic Differentiation
The adipogenic induction medium (AIM) consisted of DMEM supplemented with 10% FBS, 10% horse serum (Sigma-Aldrich, St. Louis, MO, http://www.sigmaaldrich.com), 1% penicillinstreptomycin , 100 nM dexamethasone, 0.45 mM isobutyl methyl xanthine (Sigma-Aldrich), 3 mg/ml insulin (Sigma-Aldrich), and 1 mM rosiglitazone (BRL49653). The AIM was replaced every 3 days. Cells were assessed for adipogenic differentiation on day 7. In addition, cell pellets were collected for total RNA isolation and quantification using quantitative real-time (RT) PCR of mRNA expression. 
Osteogenic Differentiation
hMSCs were cultured as noted in the previous section and exposed to osteogenic induction medium (DMEM containing 10% FBS, 1% penicillin-streptomycin, 50 mg/ml L-ascorbic acid (Wako Chemicals GmbH, Neuss, Germany, http://www.wako-chemicals. de/), 10 mM b-glycerophosphate (Sigma-Aldrich), 10 nM calcitriol (1a,25-dihydroxyvitamin D3; Sigma-Aldrich), and 10 nM dexamethasone (Sigma-Aldrich).
Alkaline Phosphatase Activity Quantification
To quantify alkaline phosphatase (ALP) activity in control and osteoblast-differentiated hMSCs, we used the BioVision ALP activity colorimetric assay kit (BioVision, Inc., Milpitas, CA, http:// www.biovision.com/) with some modifications. Cells were cultured in 96-well plates under normal or osteogenic induction conditions. On day 10, wells were rinsed once with PBS and were fixed using 3.7% formaldehyde in 90% ethanol for 30 seconds at room temperature; fixative was removed and 50 ml of p-nitrophenyl phosphate solution was added to each well and incubated for 20-30 minutes in the dark at room temperature until a clear yellow color developed. Reaction was subsequently stopped by adding 20 ml of stop solution. Optical density was then measured at 405 nm using a SpectraMax/M5 fluorescence spectrophotometer plate reader. Inhibition of WNT and Transforming Growth Factor b Signaling During Osteogenic Differentiation hMSCs were cultured in 96-well plates; after exposure to abexinostat or vehicle control for 24 hours, normal culture medium was replaced with osteogenic induction medium supplemented with WNT (XAV939) at 1 mM (Sigma-Aldrich) or transforming growth factor b (TGFb signaling inhibitor (SB505124) at 1 mM (Sigma-Aldrich). Osteogenic medium supplemented with inhibitors was replaced every 2 days. On day 10, ALP activity was measured as indicated above.
Inhibition of Focal Adhesion
RNA Extraction and cDNA Synthesis
Total RNA that was isolated from cell pellets after 7 days of adipogenic differentiation and 9 days after osteogenic differentiation using the Total RNA Purification Kit (Norgen Biotek Corp., Thorold, ON, Canada, https://norgenbiotek.com/) according to the manufacturer's protocol. The concentrations of total RNA were measured using NanoDrop 2000 (ThermoFisher Scientific Life Sciences). cDNA was synthesized using 500 ng of total RNA and the ThermoFisher Scientific Life Sciences High Capacity cDNA Transcription Kit according to manufacturer's protocol.
qRT-PCR
Expression levels of adipogenic-related genes (FABP4 and AdipoQ) and validation of selected upregulated genes in the microarray data were quantified using the Fast SYBR Green Master Mix and the ViiA 7 Real-Time PCR device (ThermoFisher Scientific Life Sciences). Primers used for gene expression analysis and validation are listed in supplemental online Table 4 . For osteoblast-related gene expression, custom Taqman Low Density Array Cards were used (ThermoFisher Scientific Life Sciences). The assay ID for primer sets used for the osteoblast gene panel is provided in supplemental online Table 5 . The 2DCT value method was used to calculate relative expression, and analysis was performed as previously described [23] .
HDAC Enzymatic Activity Assay
HDAC enzymatic activity in control or treated hMSC-TERT cells was measured using HDAC-Glo I/II assay and screening system (Promega Inc., Madison, WI, http://www.promega.com/) according to manufacturer's protocol. Briefly, 10,000 cells, volume of 50 ml, were seeded per well in a white-walled 96-well plate and incubated with the inhibitor mixture at 37°C for 30 minutes. Trichostatin A was used as a positive control (supplied with the kit). HDAC-Glo I/II reagent (containing the substrate and the developer reagent) was added, and the solution was incubated at room temperature for 45 minutes. Luminescence was measured using a SpectraMax/M5 fluorescence spectrophotometer plate reader. 
Gene Expression Profiling by Microarray
Total RNA of the samples was extracted using a Total RNA Purification Kit (Norgen Biotek Corp.) according to the manufacturer's instructions. One hundred fifty nanograms of total RNA was labeled using a low input Quick Amp Labeling Kit (Agilent Technologies, Santa Clara, CA, http://www.agilent.com) and then hybridized to the Agilent Human SurePrint G3 Human GE 8 3 60k microarray chip. All microarray experiments were performed at the Microarray Core Facility (Stem Cell Unit, Department of Anatomy, King Saud University College of Medicine, Riyadh, Saudi Arabia). The extracted data were normalized and analyzed using GeneSpring 13.0 software (Agilent Technologies). Pathway analyses were performed using the single experiment pathway analysis feature in GeneSpring 13.0 as described earlier. Two-fold cutoff and p , .05 (Benjamini-Hochberg multiple testing corrected) were used to determine significantly changed transcripts.
Immunoblotting
Total cellular protein was extracted with radioimmunoprecipitation assay lysis solution (Norgen Biotek Corp. 
ChIP-Seq and ChIP-qPCR Validation
hMSC-TERT cells (vehicle or treated for 24 hours with abexinostat) pooled from three biological replicas were fixed with 1% formaldehyde for 15 minutes and quenched with 0.125 M glycine. Chromatin was isolated by the addition of lysis buffer and disruption with a Dounce homogenizer. Lysates were sonicated and the DNA sheared to an average length of 300-500 base pairs (bp). Genomic DNA (input) was prepared by treating aliquots of chromatin with RNase, proteinase K, and heat for de-crosslinking, followed by ethanol precipitation. Pellets were resuspended, and the resulting DNA was quantified on a NanoDrop spectrophotometer. Extrapolation to the original chromatin volume allowed quantitation of the total chromatin yield. An aliquot of chromatin (30 mg) was precleared with protein A agarose beads (Thermo Fisher Scientific Life Sciences). Genomic DNA regions of interest were isolated using antibodies against H3K9Ac. Complexes were washed, eluted from the beads with SDS buffer, and subjected to RNase and proteinase K treatment. Crosslinks were reversed by incubation overnight at 65°C, and ChIP DNA was purified by phenol-chloroform extraction and ethanol precipitation. For quality assurance, qPCR reactions were carried out in triplicate on specific genomic regions using SYBR Green Supermix (Bio-Rad). The resulting signals were normalized for primer efficiency by carrying out qPCR for each primer pair using input DNA.
Illumina sequencing libraries were prepared from the ChIP and input DNAs by the standard consecutive enzymatic steps of end-polishing, dA-addition, and adaptor ligation. After a final PCR amplification step, the resulting DNA libraries were quantified and sequenced on NextSEquation 500 (75-nt reads, single end) (Illumina, San Diego, CA, http://www.illumina.com). An average of 34 million SE75 reads per sample were acquired. Reads were aligned to the human genome (hg19) using the BurrowsWheeler alignment algorithm (default settings). Duplicate reads were removed, and only uniquely mapped reads (mapping quality $ 25) were used for further analysis. Alignments were extended in silico at their 39 ends to a length of 200 bp, which is the average genomic fragment length in the size-selected library, and assigned to 32-nt bins along the genome. The resulting histograms (genomic "signal maps") were stored in bigWig files. Peak locations were determined by using the model-based analysis of ChIP-Seq algorithm (version 1.4.2) with a cutoff p value of 1e-7 (H3K9Ac). Signal maps and peak locations were used as input data to the Active Motif proprietary analysis program (Active Motif, Carlsbad, CA, http://www.activemotif.com), which creates Excel tables containing detailed information on sample comparisons, peak metrics, peak locations, and gene annotations. Average signal peak for each treatment condition (post-normalization) and the location of signal obtained (upstream, in gene, downstream) are listed in supplemental online Table 2 . The fold change was calculated by dividing the peak signal from abexinostat-treated hMSCs to that obtained from DMSO control-treated hMSCs.
qPCR validation was subsequently conducted on an independent set of samples. An aliquot of chromatin (30 mg) was precleared with protein A agarose beads (Thermo Fisher Scientific Life Sciences). Genomic DNA regions of interest were isolated using 4 mg of antibody against H3K9Ac (catalog no. 39917; Active Motif). Complexes were washed, eluted from the beads with SDS buffer, and subjected to RNase and proteinase K treatment. Crosslinks were reversed by incubation overnight at 65°C, and ChIP DNA was purified by phenol-chloroform extraction and ethanol precipitation.
The qPCR reactions were carried out in triplicate on specific genomic regions using SYBR Green Supermix (Bio-Rad). Primer sequences used for the ChIP-qPCR experiment are listed in supplemental online Table 6 . The resulting signals were normalized for primer efficiency by carrying out qPCR for each primer pair using input DNA. Data are presented as mean binding events detected per 1,000 cells. All ChIP-Seq and ChIP-qPCR experiments and data analyses were conducted by Active Motif.
RESULTS
Epigenetic Library Screen Identified Novel Chemical Compounds That Promoted Adipocytic Differentiation of hMSCs
An epigenetic library of 24 chemical compounds was used for the initial screen. The initial screen was conducted using three Ali, Hamam, Alfayez et al. different doses: 20 nM, 100 nM, and 500 nM. Data presented in Figure 1 represent the 500-nM dose. Each compound was incubated with hMSCs for 24 hours at a concentration of 500 nM; cells were subsequently induced to mature adipocytes (ADs). On the basis of their ability to promote adipocyte differentiation (Fig. 1) , eight compounds (abexinostat, dacinostat, CUDC-907, MC-1568, pracinostat, AR-42, PCI-34051, sirtinol) were chosen for further investigation. Gene expression analysis revealed elevated expression of AdipoQ in hMSCs treated with abexinostat, CUDC-907, pracinostat, and AR-42, whereas significant upregulation of FABP4 was observed in hMSCs treated with all eight compounds compared with DMSO control (Fig. 2A) .
Abexinostat Promoted Adipocytic Differentiation of hMSCs Through Induction of Several Proadipocytic Genes
We chose abexinostat for further investigation because it yielded the most consistent effects and its role in adipocyte differentiation of hMSCs has not previously been studied. We confirmed the effects of abexinostat in independent experiments. The cells were incubated for 24 hours with abexinostat (500 nM), followed by incubation in AIM for 7 days. As shown in Figure 2B , hMSCs differentiated readily into mature lipid-filled ADs, as demonstrated by positive staining for Nile Red (Fig. 2B) . In addition, quantification of Nile red staining of adipocytes showed a significant increase after treatment with abexinostat (p , .001) (Fig. 2C) .
To understand the molecular process by which abexinostat promoted adipocytic differentiation, we performed global gene expression profiling comparing abexinostat-treated and vehicletreated control cells following adipocytic differentiation. Figure 3 illustrates hierarchical clustering based on upregulated transcripts and revealed clear separation of the abexinostattreated and vehicle-treated control cells. We identified 1394 genes that were significantly upregulated (fold change $ 2.0; p (Corr) , .05) (supplemental online Table 1 ). Pathway analysis of the upregulated genes revealed strong enrichment for several cellular processes involved in adipocyte differentiation (e.g., adipogenesis, insulin-signaling, and focal adhesion). The top 10 significantly enriched pathways are illustrated in Figure 3B . The expression of selected adipocyte-related gene panel from the microarray data (CEBPA, LPL, ACACB, NOG, LIPE, PCK1, APOC3, CNTFR, IL1RL1, and CXCL13) was subsequently validated using qRT-PCR. This testing collectively corroborated the microarray data and demonstrated significant upregulation of those genes in abexinostat-treated cells, except for ACACB, LIPE, and CXCL13, which exhibited slight upregulation that was not, although statistically significant (Fig. 3C) . Among the identified pathways, FAK and insulin signaling were more prominent given their known role in regulating adipocytic differentiation of hMSCs. Pharmacological inhibition of FAK (PF-573228) or IGF-1R/InsR (NVP-AEW51) signaling abrogated abexinostat-mediated adipocytic differentiation of hMSCs, thus implicating those pathways in this process (Fig. 3D) .
Abexinostat Promoted Adipogenesis Through Inhibition of HDAC Activity
To identify the molecular mechanism by which abexinostat promotes adipocytic differentiation, hMSCs were treated with abexinostat or vehicle for 24 hours. Different histone marks were assessed using Western blotting. Data presented in Figure 4A 
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showed increased levels of H3K9Ac, H3K4me2, and H4K8ac, all known to be associated with actively transcribed genomic regions. As expected, we observed a significant decrease in HDAC activity in abexinostat-treated cells compared with vehicle control cells (p , .001) (Fig. 4B) . Trichostatin A-treated cells were used as positive control.
ChIP-Seq and ChIP-qPCR Data Revealed Significant Enrichment in Multiple Pathways Related to Stem Cell Differentiation
We subsequently sought to determine the genomic regions targeted by abexinostat in hMSCs. Therefore, hMSCs were treated with abexinostat for 24 hours, and subsequently we performed immunoprecipitation using an antibody against H3K9Ac, a histone mark that was markedly increased in abexinostat-treated hMSCs (Fig. 4A) . The precipitated genomic DNA was then subjected to next-generation sequencing and bioinformatics analysis. Data presented in Figure 4C and 4D revealed the pull-down of a large number of genes in the abexinostat-and vehicletreated cells. Although there were 12,105 common genes in the abexinostat-and the control-treated cells, abexinostattreated cells revealed 306 unique genes ( Fig. 4D and 4E ). Supplemental online Table 2 lists all genes from the ChIP-Seq data that were enriched (1,484 genes $ 1.5-fold) when the abexinostat-treated cells were compared to the vehicle-treated controls. Pathway analysis performed on the genes that were significantly enriched in the abexinostat group revealed enrichment in different cellular processes related to cell differentiation, osteoblast differentiation, lipid metabolism, and Wnt pathway ( Fig. 4F ; supplemental online Table 3 ). Enrichment of H3K9Ac epigenetic mark on the promoter region of selected panel from the ChIP-Seq data or genes involved in adipogenic and osteoblastic differentiation of hMSCs (AdipoQ, FABP4, PPARg, KLF15, SP7, CEBPA, and ALPL) was subsequently validated using ChIP-qPCR on an independent set of samples (Fig. 4G ), which demonstrated a significant increase in H3K9ac signal in the promoter regions of those genes in abexinostat-treated hMSCs.
Effects of Abexinostat on Osteoblastic Differentiation of hMSCs
Interestingly, ChIP-Seq and ChIP-qPCR data revealed significant enrichment in pathways related to osteogenesis (osteoblast differentiation and Wnt receptor signaling). Therefore, we assessed the effect of abexinostat in combination with osteogenic induction medium on the osteoblastic differentiation of hMSCs. As anticipated, higher ALP staining was observed in abexinostattreated cells compared with vehicle-treated controls (Fig. 5A) . Similarly, ALP quantification performed on day 10 revealed significantly higher ALP activity in the abexinostat-treated cells compared with the control (p , .001) (Fig. 5B) . In addition, the expression of several osteoblast-related genes (COL1A1, SPARC, VCAM1, TGFB2, ALPL, and NOG) was upregulated in abexinostat-treated cells (Fig. 5C) . Concordantly, inhibition of WNT and TGFb signaling using XAV939 or SB505124 significantly abrogated abexinostat-mediated osteogenic differentiation of hMSCs, respectively (Fig. 5D) . Traditionally, these approaches have been achieved using hormones or growth factors/cytokines (e.g., colony-stimulating factors, erythropoietin, vitamin D or dexamethasone have been reported to enhance stem cell survival and mobilization [24] ). However, using small molecule chemicals is an attractive alternative because of their ease of use, transient effects, and low cost [25, 26] . Recently, studies using epigenetic modifiers in the form of chemical compounds have been used because of their ability to alter histone acetylation/methylation or DNA methylation status, thereby regulating stem cell self-renewal or lineage-specific differentiation [27] . HDACi were successful in enhancing self-renewal of embryonic and stromal stem cells [28, 29] . We have previously reported that many microRNAs can regulate adipocyte or osteoblast differentiation of hMSCs through epigenetic-mediated mechanisms [30] [31] [32] . In the current study, we corroborated these findings because we demonstrated that the chemical compound HDACi promoted adipocytic and osteoblastic differentiation of hMSCs.
Among the initially screened compounds, we identified abexinostat, which is a novel HDACi targeting HDAC 1, 2, 3, 6, and 10 [33] . We observed that abexinostat is a potent inducer of adipogenesis, based on its ability to enhance formation of mature lipid adipocytes and enrichment of the adipocytic molecular signature of hMSCs following short-term treatment.
We observed that abexinostat induced adipocyte differentiation through upregulation of adipocyte-associated transcriptional factors known to be required for adipocyte differentiation (e.g., peroxisome proliferator-activated receptor g [PPARg2] and CCAAT/enhancer binding protein a [CEBPA]) [34] [35] [36] . PPARg2 is widely accepted as an important regulator during adipogenesis, which is produced abundantly by white and brown adipocytes as well as bone marrow adipocytes [35] , and its expression is considered as a marker of mature bone marrow adipocytes [37] .
We observed that the chromatin structure, particularly at the level of the H3 histone core of the nucleosome, exhibited a marked increase in acetylation in abexinostat-treated cells H3K9Ac. Such modifications are likely to facilitate the active state of the chromatin and to increase the accessibility of transcription factors to their target genes [35, [38] [39] [40] . In agreement with Western blotting results, ChIP-Seq data revealed dynamic alterations in histone modification after treatment with abexinostat. Among the genes identified by ChIP-seq analysis were Kruppel-like factors (KLFs), which are a family of C2H2 zinc finger proteins that regulate adipocyte differentiation [41] and induce expression of insulin-sensitive GLUT4 in muscles and adipose tissue [42] . Mori et al. [41] showed that KLF15 acts synergistically with CEBPA to induce adipogenesis via increasing the activity of PPARg2. CEBPA and PPARg2 act reciprocally to induce many adipogenic genes, such as FABP4 and AdipoQ, that sustain their expression via a positive feedback loop and result in mature adipogenic differentiation [43] . Interestingly, ChIP-qPCR demonstrated a marked increase in H3K9ac in the promoter region of KLF15, CEBPA, and PPARg in abexinostattreated hMSCs.
Another marker that was upregulated in our ChIP-Seq data is the zinc finger protein 423, which was identified as a basic transcription factor involved in the commitment phase of adipogenic differentiation of MSCs [44] . In addition to transcriptional factors, several proteoglycans were upregulated, including chondroitin 4-sulfate glycosaminoglycan, chondroitin sulfate, and chondroitin sulfate proteoglycan. Proteoglycans exert a functional role in cell growth and cell differentiation of many cell types, including preadipocytes of 3T3-L1 cells, where they have been reported to create a loose extracellular space between cells that will be occupied by the enlarged adipocytes during differentiation [6] .
In addition to its effects on adipocyte differentiation, abexinostat enhanced osteoblast differentiation of hMSCs, and ChIP-Seq data revealed enrichment in two pathways: osteoblast differentiation and Wnt receptor signaling. Wnts are soluble lipoproteins that form a large family of secreted molecules known to play a critical role in stem/progenitor self-renewal and differentiation [45, 46] . Wnts interact with receptor complexes that are formed by LRP5/LRP6 and Frizzled proteins. We observed that these Wnt receptor proteins were upregulated in our ChIP-Seq data, suggesting enhancement of Wnt signaling. The conical Wnt signaling involves the stabilization of levels of B-catenin, which in turn translocate into the nucleus and form a complex with T-cell factor (TCF)/lymphoid enhancer-binding factor, inducing target gene transcription [47] . Wnt signaling has been investigated and reviewed for its important role in MSC osteoblastic differentiation [45, [48] [49] [50] [51] [52] [53] [54] [55] . The effect of HDACi on Wnt signaling and the activation of gene transcription of downstream genes (e.g., fibronectin, osteonectin, osteopontin, and mitogen-activated protein kinase), bone morphogenetic proteins, and members of the TGFb superfamily may lead to enhanced osteoblastic commitment of hMSCs.
Differentiation of hMSCs into adipocytic and osteoblastic cells is usually considered to consist of two phases: the lineage commitment phase and the maturation phase. Abexinostat enhanced both osteoblast and adipocyte differentiation, and thus it is plausible that it targets the initial phase of commitment of hMSCs to both adipocytic and osteoblastic lineages. The previously mentioned and discussed data from DNA microarrays and ChIP-seq corroborate this hypothesis because they clearly demonstrate the induction of multiple gene and genetic pathways associated with hMSC lineage commitment. This hypothesis and its potential molecular mechanism are illustrated in our current working model (Fig. 6) . Interestingly, despite marked global increase in H3K9Ac, we observed overall fewer enriched genes in the abexinostat-treated cells compared with the control (Fig. 4D) . Therefore, it seems as if abexinostat is targeting specific genomic regions, which normally have low H3K9Ac, including those related to hMSC differentiation. On the other hand, genes with high basal H3K9ac signal are not benefiting much from abexinostat. Thus, acetylation marks appear to be being diverged from genes with high basal H3K9Ac signal (such as GAPDH) to those with low basal H3K9Ac signal (such as CEBPA, PPARg, SP7, and ALPL). Nonetheless, a plausible role for abexinostat in targeting non-H3K9 residues for acetylation or the increase in hMSC commitment could also contribute to the observed phenotype.
CONCLUSION
Our data identified abexinostat as a novel compound promoting adipocytic and osteoblastic differentiation of hMSCs and provided new insight into the understanding of the relationship between the epigenetic effect of HDACi, transcription factors, and differentiation pathways governing adipocyte and osteoblast differentiation. Manipulating such pathways provides a novel use for epigenetic compounds in hMSC-based therapies.
